Infections with herpesviruses may cause papillomatous lesions in the as well as in the African elephant.* In both, the virus was reported to localize only in the skin. Disseminated nodules of epithelial cells were found in the lungs ofa high percentage ofwild African elephant^.^ In these cases, the proliferated cells contained intranuclear inclusion bodies in which herpesvirus particles were observed by electron microscopy. The virus, however, caused no illness, and there was no generalization. We report the necropsy findings of a juvenile Asian elephant dying peracutely from massive generalized hemorrhage due to lesions in the endothelial cells of the capillaries. The cell nuclei frequently contained inclusion bodies in which herpesvirus particles were demonstrated. This has not been described in elephants before.
A 920 kg, 3-year-old female Asian circus elephant showed signs of depression after she had participated in a parade in the morning. She ate normally at midday, but in the evening, a veterinarian was consulted because she was unable to move her trunk properly. Examination revealed dullness, a cyanotic, swollen tongue, and a swelling of the ventral neck and face around the eyes. Any attempt to drink failed, for she could not raise her trunk to her mouth, and any aspirated water was released. The rectal temperature was normal. The heart beat, even with the aid of a stethoscope, was not discernable. She then became excitable, and slapped her trunk from side to side as if in pain. Sodium novaminsulfon (an analgesic and spasmolytic agent, 5,000 mg) given subcutaneously, along with 150 mg etilefrine (an analeptic agent), seemed to provide some relief. Less than 2 hours following the onset of definite symptoms, she collapsed, rolled over, and died.
The most striking pathologic changes were extensive hemorrhages particularly in the heart, in the musculature of the trunk, and the stomach, as well as in the small and large intestines. In some areas, a cross section of the gut wall presented a thick central, reddish zone. The subcutaneous tissues of the head, neck, and rump were also severely affected. The musculature of the extremities, the cut surfaces of the lung and the mesentery were affected to a lesser extent. Bloody fluid stained the oral mucosa, and large masses of congealed blood filled the cranial skull cavities. The meninges were highly congested. There was widespread edema, especially in the subcutaneous ventral neck region and in the mesentery. The pericardial sac contained 2 liters of clear colorless watery fluid, and the epicardium was edematous. The wall of the right atrium was 3 cm thick, rigid, nearly black, and the cut surface was dry ( Fig. 1 ). The endocardium of the remaining regions of the heart was grey and fibrous with widespread hemorrhages. Large hemorrhagic areas were obvious on the cut surfaces in all ventricular wall regions. No thrombi were found in the coronary vessels. Multiple dark-red thin stripes of ulcers of approximately 1 x 10 cm each were present in the pyloric region of the stomach. The liver, spleen, and kidneys seemed slightly swollen; the capsule of the spleen was edematous. The gall bladder was filled with 200 ml strawcolored, watery bile.
Microscopically, every tissue, except skin, kidney, pancreas, and brain, had areas of hemorrhage associated with thickening and a ragged appearance of the capillary walls, often with speckled, pale, and swollen endothelial cell nuclei, which protruded into the capillary lumen. The nuclei often had marginated chromatin and contained large basophilic intranuclear inclusion bodies (Fig. 2) that were surrounded by a halo and stained purple with Feulgen's stain. The endothelium of all vessels other than capillaries had normal spindle-shaped, dense nuclei. Small aggregates of neutrophils were found in conjunction with hemorrhage in skeletal muscle, myocardium, alimentary tract, mesentery, subcutaneous fat, liver, and adrenals. The sinusoidal cells in the liver contained intranuclear inclusion bodies ( Fig. 3) as well, but, in spite of their large numbers, there were no morphologic parenchymal lesions. Microthrombi, which selectively stained for fibrin, were observed in a few sections, especially in fat and loose connective tissue. The severe, acute ulceration in the stomach was confirmed histologically. Areas of the jejunal mucosa had mild chronic inflammatory cell infiltrates that were considered within the normal range.
Spleen and liver were cultured for bacteria, but no specific isolation resulted.
Formalin-fixed specimens of the liver were processed for electron microscopy. The intranuclear inclusions of the sinusoidal cells consisted mainly of clumped chromatin with scattered viral capsids of 70-80 mm in diameter with electron lucent and electron dense cores. Enveloped virus particles of about 120 nm and more in diameter were demonstrated in the cytoplasm near the nuclear membrane and more often surrounding areas of condensed fine fibrillar material. The particles exhibited morphologic characteristics consistent with herpesviruses ( Fig. 4) .
Ground skeletal muscle was inoculated onto cell lines of diverse origin, i.e., primary bovine embryo lung cells, Madin Darby bovine kidney cells, chicken embryo fibroblasts, and rabbit RK 13 cells. Virus isolation was not successful.
The necropsy findings were characterized as severe gen-eralized hemorrhagic diathesis due to capillary endothelial lesions. These were attributed to the replication of a herpesvirus. There appeared to be different stages, ranging from the enlargement of endothelial nuclei to the formation of inclusion bodies. Similar changes may sometimes be observed in Varicella-zoster virus infections in human beings.' The irregular distribution of hemorrhages may have been due to either a variable affinity of the virus to endothelium of different tissues or to an increased fragility of capillaries in tissues exposed to mechanical stress. Disseminated intravascular coagulopathy, as a sequel to the endothelial damage, had aggravated the animal's situation. The herpesvirus particles that have been demonstrated in the skin of Asian and African elephant^^.^.^ and in the lungs of a high percentage of African elephants' remain to be characterized. Likewise, attempts to isolate the virus in the case reported here failed, possibly due to the lack of an adequate cell culture system. The results of an epidemiologic survey comprising sera from the necropsied animal and from 14 healthy Asian elephants (nine members of the circus herd, three zoo elephants, and two newly imported juveniles from Burma) are reported in a separate study in detaiL4 All 15 elephants were shown to possess low titered antibody to the Bovine Herpesvirus 1 (BHVl), BHV2, and BHV4 when tested by radioimmunoprecipitation. In the serum neutralization test, four of the 15 sera weakly neutralized BHV2 but none neutralized BHV 1 or BHV4. It was concluded that a herpesvirus immunologically related to BHV2 may be highly prevalent in captive Asian elephant^.^ An equally high prevalence of herpesvirus infections was indicated by the frequency of nodules in the lungs of African elephant^.^ The virus infection in the seropositive elephants probably ran a subclinical course. What induced the virus to spread and lead to peracute illness and death in this single necropsied elephant remains unclear; moreover, it is unclear whether this was a primary or a reactivated herpesvirus infection. A triggering infection, in particular of encephalomyocarditis virus, which in itself could have a similar c o~r s e ,~ was considered, but there were no histologic indications for this, nor for the presence of any other etiologic agent. This case yields some similarities to Varicella-zoster virus infections in human beings. This common herpesvirus, causative agent of human chickenpox, may be fatal in neonates and susceptible individuals, probably due to deficient cell-mediated immunity. I In these cases too, endothelial cells contain intranuclear inclusion bodies, and, as in the elephant, ensuing vascular damage may lead to widespread hemorrhage.
